We have observed a large spin-rotation interaction at the oxygen nucleus in formaldehyde. The spin-rotation interaction is the interaction of the 017 nuclear magnetic moment with the effective magnetic field produced at the nucleus by the molecular rotation. The nonrotating formaldehyde molecule is in the 1E ground electronic state, and therefore the electrons cannot contribute to the magnetic field at any nucleus. However, molecular rotation can excite electrons to higher electronic states, such as a ir state which has nonzero angular momentum and which therefore produces a magnetic field at the nuclei in the molecule. Thus, the spin-rotation interaction measures directly the excitation of electrons from the 'E ground state by the molecular rotation. The extremely large interaction observed here may provide a unique method of studying the higher electronic states in a molecule. In addition, the spin-rotationl interaction constants may be combined with nuclear magnetic resonance chemical shift data to provide information on the ground electronic state of the molecule. The technique used in observing the spin-rotation interaction in 017CH2 was high-resolution microwave spectroscopy.
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The li, -* lo (see Fig. 1 ) and 212 211 pure rotational transitions in 017 enriched formaldehyde were observed. As 017 has a nonzero nuclear quadrupole moment, we expected to see a normal multiplet spectrum where each rigid rotor transition has been perturbed by the 017 nuclear quadrupole interaction. Contrary to expectation, the observed spectra could not be explained with the usual first or second order theory involving only the 017 nuclear quadrupole interaction. Two other interactions were also considered: (1) the proton spin-rotation interaction, and (2) the direct proton-proton and proton-017 nuclear coupling. The magnitudes of these interactions are known to be small,1 however, and would hot explain the observed perturbations of the spectra. We have concluded that there is a large 017 spin-rotation interaction produced primarily by rotation about the C-0 axis in formaldehyde. This seems reasonable because the smallest momellt of inertia lies about this axis and the C-0 bond probably contains some r electrons which are easily perturbed or excited to higher electronic states by molecular rotation about the bond axis.
The Hamiltonian describing the interactions and the appropriate matrix elements leading to the perturbed rigid rotor energy levels are given by l'oselier. Err is the rigid rotor energy which is given by a simple expression for the transitions studied here. The 11, --110 transition has a rigid rotor frequency of (B-C), and the 212 -> 21, transition a rigid rotor frequency of 3(B-C) where B and C are the appropriate rotational constants. I is the nuclear spin angular momentum of 017 which has a magnitude of 5/2, J is the rotational angular momentum, and the vector sum gives the total angular momentum, F. f(IJF) is Casimir's function which is conveniently tabulated3 for a large number of combinations of I, J, and the spin-rotation constants defined, as used here, in another paper. The spinrotation interaction is inversely proportional to the moment of inertia and directly proportional to the ease with which rotation of the molecule excites electrons from the 1E ground state, so it is reasonable to expect that Maa will have a larger negative value than either Mbb or M,,. The measurement of the molecular magnetic moments induced by molecular rotation has shown5 that the magnetic moment about the a axis in formaldehyde is over 20 times larger in magnitude than the magnetic moments about the b and c axes.
The observed spectra was taken using a high-resolution microwave spectrometer as described elsewhere." 4 AF = 0, A1 transitions were observed in -both the 11, --11o ( Fig. 1) 5/2, 5/2 --3/2 couple), and the parameters in Table 2 give equally valid results by reversing all the AF = i 1 assignments. The observed intensities agree with the calculated3 values. The observed transitions were then used to obtain the values of the parameters. The results are in Table 2 . The calculated transitions from the constants in Table 2 are listed in Table 1 . The standard deviation is 0.002 Mc. The calculated spectra are shown in Figure 1 by the solid lines.
As the spin-rotation interaction is proportional to the nuclear g value and the g value of C'3 is larger than O17', we expected to observe a spin-rotation interaction at C13 in O'6C'3H2. No splittings were observed in the 11 -* 110 and 212-s0 211 transitions of O'6C'3H2, however. This would indicate that the electrons in the vicinity of the carbon nucleus are held more tightly than those at the oxygen nucleus and are therefore not as easily excited from the 1' state by rotation about the OC bond. One might expect to observe a C'3 spin-rotation interaction in ethene or acetylene type molecules when the molecule is allowed to rotate about the axis parallel to the double or triple bond. We are presently investigating the H2C C1'O spectra in anticipation of observing the C'3 spin-rotation interaction.
It is interesting to compare the spin-rotation constant of |0.3711 Mc for 017 along the CO bond in formaldehyde with other molecules. A spin-rotation constant at F'9 of -0.305 Mc was observed in HF.6 The g value of F'9 is about 12 times as large as the g value of 07. The rotation exciting the spin-rotation interaction in HF is perpendicular to the HF bond, and the rotational constant is over twice the rotational constant about the CO axis in H2CO. Thus, in order for Maao (017 in H2CO) to be larger in magnitude than MaaP (F'9 in HF), the magnitude of the electronic perturbation about the C-0 bond must be over 20 times that in the HF molecule. The only other asymmetric top for which spin-rotation data are available is F'9 in OF2.6 The spin-rotation constants at F'9 in OF2 are an order of magnitude less than Maa in 017CH2, but again none of the principal inertial axes of rotation in OF2 coincide with the OF bond. We have also calculated the field gradient at the oxygen nucleus and will report this work elsewhere. * Alfred P. Sloan fellow. t National Science Foundation predoctoral fellow. 1 Flygare, W. H., J. Chem. Phys., 41, 206 (1964) . 2 Posener, D. W., Australian J. Phys., 11, 1 (1958 Optical rotatory dispersion (ORD) and circular dichroism (CD) are two physical methods which have recently found wide chemical applications,' notably in stereochemical studies.2 The principal limitation of these techniques is the requirement for optically active substances, which in theory could be overcome by producing magnetically induced rotation ("Faraday effect") for which no asymmetric molecules are required. These considerations prompted the renewed interests 4 in the earlier5 magnetic optical rotatory dispersion (MOR) work, which had not led to any particular chemical applications. These new measurements3 4were performed with both paramagnetic and diamagnetic substances and in Shashoua's nomenclature3 led to curves divisible into five types. Types I and II were the MOR counterparts of positive and negative ORD Cotton effects,6 while types III (negative) and IV (positive) are curves in which the MOR extremum coincides in wavelength with the absorption maximum and, thus, have no counterparts in ORD. Type V MOR curves are analogous to plain ORD curves6 in that no extrema or irregularities are encountered over the spectral range covered.
In view of the close relationships 2between ORD and CD of optically active substances, it is obviously important also to conduct magnetic circular dichroism (MCD) measurements complementary to the above-mentioned MOR studies.
The phenomenon of MCD, which is related to Zeeman level splittings,6" seems to have been observed7 only with paramagnetic cobalt salts and we now record in preliminary form our own activities in this field.8 While it is as yet premature to attempt correlations with structural parameters or extensive theoretical interpretations in view of the limited experimental material, the data should be compared with the recorded3 4 MOR literature, since complementarity as well as divergence
